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INTRODUCTION

Potentially active faults in southwestern San Bernardino County that are
evaluated in this Fault Evaluation Report (FER) include strands of the North
Frontal fault zone (NFFZ}, zouthern segments of the Helendale, 0ld Woman
Springs, and S5ilver Reef, and related faultas (figure 1), The northeastern San
Bernardino Mountains study area is located in parts of the Bighorn Canyon,
Rattlesnake Canyon, Big Bear City, Fawnskin, and Lucerne Valley 7 1l/Z-minute
guadrangles (figure 1). The eastern NFFZ will be evaluated in this FER. The
western NFFZ and related faults are evaluated in FER 186. {nly the
southernmosat traces of the Helendale, 0ld Woman Springs, and Silver Reef
faylts are evaluated in this FER, Segments of these faults northwest of the
study area have been evaluated by Manson (see FER's 176, 177). These faults
are evaluated as part of a statewide effort to evaluate faults for recency of
activity. Those faults determined to be sufficiently active and well-defined
are zoned by the State Geologist as directed by the Algquist-Priolo Special
Studies Zones Act (Hart, 1985).

SUMMARY OF AVAILABLE DATA

The northeastern San Bernardino Mountaina study area is transitional
between the Mojave Desert and Transverse Ranges gecmorphic provinces. The
Mcdave Desert geomorphic province, located in the northern part of the study
area, is characterized by generally northwest-trending, right-lateral
strike-slip faults, In contrast, the Transverse Ranges geomorphic province,
located in the southern part of the study area, iz generally characterized by
more east-trending structures. Both the northwest-trending and east-trending
faulte are the result of compressional tectonice along the San Andreas fault
system, The intaraction between these two tectonically active provinces has
resulted in a structurally complex area.

Topography in the study area ranges from gently sloping alluvial fans te
relatively steep, north-facing slopes. Development in the study atea is
generally low in the eastern part of the ztudy area. BSeveral quarries and

- cement plants are located in the western part of the study area, and the townz:

of Lucerne Valley and Apple Valley are located in the central and northwestern
parts of the study area, respectively.



Rock types in the study area include pre-Mesozolic rnof pendants comprised

of gneiss, marble and quartzite, Mesozoic plutonic rocks, Tertiary 014 Woman
gSandztone, and Quaternary alluvium (Dibblee, 1964, 1967; Miller, 19%75=-77:
Sadler, 1981; Meisling, 1984).

The most important late-Quaternary surficial deposits in the atudy area
congist of a series of nested Pleistocene and Holocene alluvial fans.

Meisling (1984) recognized three ages of alluvial fans in the western part of
the study area.

NORTH FRONTAL FAULT ZONE

The North Frontal fault zone (NFFZ)} is a major, range front fault zone
alonyg which uplift of the northern San Bernardino Mountains has occurred. The
NFF% consists of generally east-trending, scouth-dipping reverse and thrusat
faults that form a complex zone of discontinuous, multiple strands up to 5 km
wide (Ziony, 1985). Locally, northwest-trending, high-angle faults also occur
within the NFFZ.

Cumulative displacement along the NFFZ is not well-documented., The onset
of deformation and uplift in the northern San Bernardine Mountains is thought
to have commenced during middle-to-late Pliocene time and haa continued
through late Pleistocene time (Meisling, 1984; Dibblee, 1975, Sadler, 1981,
1982), Meisling reported that vertical displacements of Pleistocene alluvial
fans (his Of2 unit) probably do not exceed 40 metersz in the western part of
the study area. In the sastern part of the study area, scarps in Pleistocene
alluvial fans are as high as 60 meters (Bull, 1978) (lecality 17, figure 2b).
Although ages of these alluvial fans are not precisely known, preliminary age
estimates during this study zuggest that alluvial fans equivalent to
Meiglings' Qf2 unit in the western part of this study are approximately
130,000 years old, bazed on soil-profile development, degree of surficial
weathering of boulders, and degree of preservation of constructional surface-
morphology (Borchardt, 1986; Appendix). Thus, very preliminary slip-rate
estimates suggest late Quaternary slip-rates on the order of about 0.15 to 0.3
mm/yr. Clark and others (1984) reported a late Quaternary slip-rate of 0.07
to 0.14 mm/yr along the Ord Mountain fault zone, located west of the study
area along a segment of the NFFZ, Meisling (1984) estimated that faults along
the west flank of the Ord Mountains have a vertical slip-tate of less than 1
mm/yr.

Mendenhall (1%05) first recognized that the 5an Bernardino Mountaings is
an extremely youthful mountain range, based on the extensive upland erosion
surface and the steep north-facing escarpment. Vaughn (1922), Woodford and
Harriss (192B), Gillou (1953), Richmond (1960), and Hollenbaugh (1968) all
reported evidence of late Cenozoic deformation and faulting along the north
front of the San Bernardino Mountains. These maps are not evaluated in this
FER berause either the scale of the maps iz too small, or the mapping
(especially of late Quaternary faulting) is too generalized. Mapping that is
evalpated in this FER includes Dibblee (1964, 1967}, Miller (1875-77), Sadler
{1981), Rzonca and Clark (1982), and Meialing {(1984). HNone of these maps are
annotated with geomorphic evidence of recent faulting.

The NFFZ in the study area is comprised of many discontinuous fault
segments, many of which are unnamed, or have more than one name. Thus, for
putposes of discussion in this FER, the NFP2 will be divided into four areas,
based on geographic location, trend, and complexity of faulting (figure 1}.
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Area 4, located in part of the Bighorn Canyon and Rattlesnake Canyon
quadrangles, is characterized by a west-northwest-trending, relatively simple
fault zone east of the 0ld woman Springs fault (figure 1), Area B, located in
the Rattlesnake Canyon guadrangle, is characterized by east-west-trending,
discontinuous, occasionally arcuate reverse faults, Area C, located in the
BEig Bear City gquadrangle, is characterized by north to northwest-trending
faults in the Blackhawk landslide area. ' Area D, located in parts of the Big
Bear City, Fawnskin, and Lucerne Valley quadrangles, is a very complex, wide
zone of reverse and subsidiary normal faults that generally trend sast-west,

Dibblee (1964, 1967) mapped the entire KFF% in the study area at a scale
of 1:62,500 (figures 2a-2d). Dibblee depicts the NFFZ as a generally
east-trending, south-dipping series of reverse faults. At the eastern end of
area A, Dibblee mapped the NFFZ as concealed by late Pleistocene alluvium
(locality 1, figure 2a), However, late Pleistocene alluvial fans are offset
at locality 2 (figure 2a). Holocene alluvium is juxtaposed against bedrock in
Area B (locality 3, figure 2b), and farther west, late Pleistocene alluvial
fans are offset, Holocene alluvium is mapped as offset along
northwest-trending faults in Area € (localities 4 and 5, figure 2¢). Area D
is a complex, wide zone consisting of several fault strands that, in part,
reflect the structural complexities produced by the intersection of the
Helendale fault and NFFZ (figures 2c, 2d). Late Pleistocens alluvial fans are
offset along east-west-trending thrust faults that form a zone up to 2 km wide
in the Cushenbury area (figure 2¢}. In cross section, Dibblee depicted these
~faults as a series of south-dipping, imbricate thrust faulta, Dibblee mapped
late Pleistocene alluvium faulted against Holocene alluvium at localitiez 6
and 7 (figure 2d). Holocene alluvium is offset along a short, west-northwest-
trending fault at locality 8 (figure 2d). '

Miller {1975~-77) mapped the entire NFFZ in the study area at a scale of
1:48,000 {figures 2a-2d). Although zimilar to the mapping of Dibblee (1964,
1967), Miller mapped the NFFZ in much more detail, depicting & broad, complex
zone of thrust and reverse faults, BHowever, Miller did not annotate his map
with geomorphic evidence of recent faulting. Late Pleistocene alluvial fans
are offset along segments of the NFFZ in Area A (locallty 9, figure 2a), Area
B (localities 10, 11, figure 2b}, Area C (locality 12, figure 2¢), and Area D
(localities 13, 6, and 7, figures 2c and 24)., Holocene alluvium generally is
not offset along the NFFZ except for north-facing scarps in alluvium at
Cushenbury Springs (locality 14, figure 2c¢). Elgewhere, Holocene alluvium is

juxtaposed against late Pleistocene alluvium {e.g., localities 10, 15, figures
2b, 24). '

Sadler (198l) mapped a very complex series of faults in the northern San
Barnardino Mountains at a scale of 1:24,000, Late Quaternary fanlts were not
distinguished from older faults in the study area, In a very generalized
aense, Sadler's mapping of the NFFZ doesn't differ greatly from Dibblee (1964,
1967) or Miller (1975-77), Thus, only those fanlts of Sadler that differ
significantly from Dibblee (1964, 1967) or Miller (1275-77) were plotted on
figures 2a-24, Faults mapped by Sadler do not offset active alluvial fan
surfaces {Holocene) in the study area, although relict fan surfaces (late
Fleistocene to early (7) Holocene) are offset (e.g., localities 9, 16, figures
23' 2b) -

-Bull (1978), in a reconnaissance assessment of faults in the Mojave
pesert area, classified the NFFZ as a Class I (active) fault zone. Bull
reported that offset late FPleistocene alluvial fans are common aleny the range
front. Evidence of multiple displacements was reported by Bull at locality 17
{figure 2b}., The main fault scarp here is approximately 60 meters high,
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Terraces within the stream canvon and benches parallel to the scarp suggest‘és
many as five episodes of uplift (Bull, 1978, p. 137).

Rzonca and Clark (1982) mapped a small area along the NFFZI at Kaiser
Cement Corporation's Cushenbury facility (figure 4), They mapped two
sonth-dipping segments of the NFFZ and reported that both of these fault
segments offzet Holocene alluvium, They reported that diasplacement along the
northern fault segment prohabhly Gocurred no more than a few hundred years ago,
based on their interpretation of rates of erosion in the Cushenbury area,

This interpretation of the age of alluvial fans in the Cushenbury area is in
contrast to Sadler's contention that it is Aifficult to distinguish late
Pliccene fanglomerates from late Pleistocene deposits (1983 p.c. to
Mejzling-reported in Meizling, 1984).

Meisling (1984) mapped a complex zone of zouth-dipping thrust faults in
the western part of the study area (figure 2d4). Meisling called this zone of
faults the White Mountain Thrust system and stated that most segmenta of the
fault zone have not moved since middle Pleistocene time. Segments of the
White Mountain Thrust system that offset late Pleistocene alluvial fans
(locality 7, figure 24) are thought by Meisling to be reactivated, low-angle
thrust faults and, possibly, large-scale landsliding. Only those fegments of
the White Mountain Thrust system that offset late Pleistocene deposite are
shown on figure 24,

HELENDALE FAULT

The Helendale fault north of the study area is a major right-lateral
strike-slip fault with a late Quaternary slip-rate estimated to be 0.15 to 0.7
mm/yr by Bird and Rosenstock (1984) and 1 mm/yr by Clark and others (1984},
The Helendale fault north of the study area was evaluated for recency of
faulting by Manson (FER-176, 1986), and most of the fault was recommendad for
zoning for special studies,

The Helendale fault zone in the =2tudy area is a 20-km-long,
northwest-trending fault zone delineated by a main trace and a north branch
fault (figures 2b, 2¢). Sense and magnitude of displacement along the
Helendale fault zone south of ite intersection with the NFFZ are not
well-documented. Dibblee (1967) indicated that down-to-the-east vertical
displacement has occurred along the main trace and down-to-the-west vertical
displacement cccurred along the north branch fault. Sadler (1981) reported
that right-lateral strike-slip displacement is minimal along the Helendale
fault in the northern San Bernardino Mountaina,. Sadler reported that the
Helendale fault extends southward into the mountains as a southward tapering
graben with only minor strike-slip displacement.

Dibblee {1964, 1967) mapped a continuons, northwest-trending fault zone
that apparently is not offset at the intersection with the WNFFZ (figure 2¢).
The fault is concealed by Holocene alluvium at the mouth of Cushenberry
Canyofi, where pre-Mesozoic¢ bedrock is offset, Late Fleistocene and Holocene
alluvium are juxztaposed against bedrock scutheast of Cactus Flat aleng the
main trace {(localities 18 and 1%, figure 2c¢}, and the north branch fault
{locality 20, figure 2b).

Hollenbaugh (1268) mapped segments of the Helendale fault in the
Cushenbury area, although he apparently mis-mapped the fault north of the
study area in the Cougar Buttes gquadrangle (faults mapped by Hollenbaugh not
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plotted on figutes 2b, 2c). Hollenbaugh reported that the Helendale fault

offsets the NFFZ, but he shows an apparent left-lateral separation of about
150 meters, This discrepancy is explained by right-lateral, oblique-slip with
a significant component of down-to-the-east displacement of a south-dipping
fault plane. This explanation doesn't seem plausible.

Sadler (1981) mapped segments of the Helendale fault zone south of the
NFFZ primarily as a west-dipping reverse fault in bedrock (figures 2b, 2c).
Short, discontinucus fault segments juxtapose bedrock against late Pleistocene
and Holocene alluvium (locality 19, figure 2c; locality 23, figure 2Zb).
gadler did not map most of the north branch fault, except near locality 21
{figure 2c), where he indicated a component of right-lateral atrike-slip
displacement, and near locality 22 (figure 2b).

Morton and others (1980) mapped recently active segments of the Helendale
fault zone, based on air photo reconnaissance mapping., Their emphasis was
primarily north of the study area, and only very short segments of the fault
zone just notth of the NFFZ were mapped near Highway 18 (figure 2e).

OLD WOMAN SPRINGS FAULT

The 0ld Woman Springs fault is a right-lateral strike-slip fault that is
typical of the northwest-trending faults in the Mojave Desert. The 0Old Woman
Springs fault is part of the southern segmeht of the Lenwood fault Zone,.
Late-Quaternary slip rates along the Lenwood fault zone are not well-
conatrained and range from 0.07 to 0,7 mm/yr (Bird and Rosenstock, 1984), The
gouthern end of the 0ld Woman Springs fault is located in the study area.
Most of thiz seqgment was evaluated by Manson (FER-177, 1986), and was

. recommended for zoning for special studies. Mapping shown on figure 2b
includes Dibblee (1967), Miller (1975-77), Morton and othets (1980), and
sadler (1981}. Late Pleistocene alluvium is juxtaposed against Holocene
alluvium along traces of the 0ld Woman Springs fault (figure 2b), Dibblee
{1967), Morton and othera (1980), and Sadler (1981) mapped northwest-trending
branch faults weat of the principal trace of the 014 Woman Springs fault that
offset late(?) Pleistocene alluvium (figure 2b).

SILVER REEF FAULT

The Silver Reeaf fault is a minor, northwesgt-trending, presumably right-
lateral strike-slip fault (figure 2b). DPibblee (1967) mapped segments of the
fault in the study area, showing late Pleistocene and, possibly, Holocene
alluvium to be offset (locality 24, figure 2b). The Silver Reef fault just
north of the study area is mapped by Dibblee as concealed by the 17,400 ybp
Blackhaw¥ landslide (Stout, 1377). Miller (1975=-77) mapped a very short
segment of the Silver Reef fault, as did Sadler (1981) (locality 25, figure
2b). Manson (1986b) evaluated the Silver Reef fault in FER-177. Although the
fault does not offset Blackhawk landslide deposits in the FER-177 study area,
it is probable that this short fault simply dies out prior to reaching the
landslide,



INTERPRETATION OF AERIAL PHOTOGRAPHS AND FIELD OBSERVATIONS

Aerial photographic interpretation by this writer of faults in the
northeastern San Bernardino Mountains study area was accomplished using U.S.
Department of Agriculture (AXL, 1952-53, scale 1:20,000), U.$. Bureau of Land
Management (CAHD-77, 1978, scale 1:30,000; CA93-77, 1977, =scale 1:30,000), and
U.5. Geological survey (1945, scale 1:24,000; 1975, scale 1:13,000) air photos,

Approzimately five days were spent in the study area in January and June
1986 by this writer., E. Hart and M. Manson accompanied this writer in
January, and G. Borchardt provided soil descriptions for selected sites in
June 1986. Results of these soil development surveys are presented in the
Appendix and on figures 3a-3c, Selected fault Begments were verified and
subtle features not observable on the aerial photographs were mapped in the
field. Results of aerial photographic interpretation and field observations
by this writer are summarized on figures 3a-3c.

NORTH FRONTAL FAULT ZONE

The NFFZ in the study area generally is well-defined and is characterized
by an extremely complex, broad zone of discontinuocus fault segments (figures
3a-3c). Mapping by this writer, in a general way, verified faults mapped by
Miller (1975-77) and Meisling (1984), although significant differences in
detail exist (figures 2a-2d; 3a-3¢). Faults mapped by Dibbhlee (1964, 1967),
although somewhat generalized, were locally verified by this writer.

The NFFZ throughout most of the study area is delineated by moderately to
well-defined, north-facing scarps in late Pleistocene alluvial fans. 1In
Area D, Just west of Cushenbury Springs, south-facing (mountajn-side-down)
gcarps and grabens were mapped, indicating a considerable amount of complex
deformation that is related to the interaction between the active Helendale
fault and the NFFZ. No geomorphic evidence was obgzerved to auggest that the
Helendale fault right-laterally offsets segments of the NFFZ.

Evidence of Holocene displacement along much of the NFFZ is weak,
although offset of late Pleistocene-age alluvial fans is common. In Area A,
permissive evidence of Holocene displacement was observed at locality 26
(figure 3a). Here, a north-facing scarp in Holocene alluvium is probably
related to the interaction between the 01d Woman Springs fault and the NFFZ
(figure 3a; appendix-Borchardt, 1986). However, this fault was not mapped by
Sadler (1981), Miller (1975-77), or Dibblee (1967), and there iz some doubt as
to the origin of the feature. Just to the west, alluvium, thought to be about
2,000 yearz old, is not offset (QHS-2, Borchardt, 1986).

Fermigaive evidance of latest Pleistocene to Holocene displacement in
Area C was mapped by Miller (1975-77) and verified by this writer at locality
12 {(figures 2¢, 3b), Landslide deposits assumed to be equivalent to the
Blackhawk landslide (age 17,400 yrs., Stout, 1977) are offset along a
northwest-trending fault, and a tonal lineament in Holocene alluvium is
assoclated with the east-facing scarp (figure 3b). Additional geomorphic
evidence of recent faulting may be related to landsliding in this area.

North-facing scarps in alluvium mapped as Holocene by Miller (1975-77)
were verified by thias writer, based on air photo interpretation, and indicate

—5-



Holocene activity at Cushenbury Springs in Area D (locality 14, figures 2¢,
3b). Evidence of multiple offsets was observed at locality 27 (figure 3b).

At this location, a well-defined, north-facing scarp in a late Pleistocene
alluvial fan (approximately 20,000 ybp, Boerchardt, 1986) is characterized by a
composite scarp slope (figure 3b). TWwo terraces within a drainage incised
across the scarp are also offset, indicating Holocene faulting., The Stage ITI
K horizon developed in the 20,000-year-old alluvial fan is clearly truncated
near the basde of the north-facing scarp about 100 meters west of locality 27
(figure 3b; photo 1), A roadcut exposure of this fault was cbserved at
locality 28 {figure 3c¢; photo 2)., The attitude of the fault at this location
is N609E 40¥SE, Late Pleistocene alluvium is thrust over alluvium and a B
horizon. A well-defined fault plane with slickensides was not observed.

Although segments of the NPFZ are generally well-defined west of the
Cushenbury area, evidence of Holocene displacement is limited to tonal
lineaments and vegetation contrasts in Holocene alluvium {figure 3¢), 2
terrace surface tentatively thought to be about 40,000 years old (GPl:
Borchardt, 1986) is vertically offset along a strand of the NFFZ at locality
29 (figqure 3¢). A lower, younger terrace (approzimately 2,000 years old -
GP=-2; Borchardt, 1986) is not of fset (figure 3e}.

The northern fault mapped by Rzonca and Clark (1982) was moatly verified
by thia writer, based on air photo interpretation (locality 30, figure 3b). A
north-facing scarp and tonal lineament in latest Pleistocene and Holocene
alluvium indicates Holocene activity. However, it is unlikely that the
alluvial fans offset along this fault are as young as reported by Rzonca and
Clark (1982),

HELENDALE FAULT

The Helendale fault in the study area does not have geomorphic evidence
of systematic right-lateral strike-slip displacement zouth of the NFFz
(figures 3a, 3b). There iz no compelling geomorphic evidence to suggest that
the active, right-lateral strike-slip Helendale fault north of the study area
is continudus southeast of and offsets the NFFZ., It appears that the very
complex intersection between the two fault Zones is aexpressed by the broad
2one of dizecontinuous reverse and normal faulting in and just west of the
Cughenbury area (figures 2c, 24, 3L, 3c).

The faults mapped by Dibblee (1964) in Cushenbury Canyon were not
verified as Holocene active faults (figures 2c, 3b). Two short, north-
northwest to northwest-trending fault segments just east of Cushenbury Canyon
mapped by this writer and partly mapped by Sadler (1%81) are suggestive of
strike-slip displacement {right—laterally deflected drainages, linear trough)
(locality 31, figqure 3b). Southeast of this location, the Helendale fault is
delineated by a moderately well-defined, east-facing escarpment in bedrock
{figures 3a, 3b)., Geomorphic evidence of Holocene right-lateral gtrike-slip
or vertical displacement was not obgerved although geomorphic evidence
permissive of Holocene displacement exists locally (localities 32 and 33,
figure 3b). Faults in bedrock observed at localities 32 and 34 {figure 3b)
indicate that segments of the Helendale fault zone are weat-dipping reverse
and thrust faults with a component of right-lateral strike-slip diaplacement.

The north branch of the Helendale fault mapped by Dibblee (1964, 1967)

and partly mapped by Sadler (1981) is delineated by a moderately well-defined,
arcuate, west-to-southwest-facing bedrock escarpment (figures 3a, 3b).
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Associated geomorphic features indicating Holocene reverse or strike-slip
displacement were not observed.

OLD WOMAN SPRINGS FAULT

The principal trace of the (ld Woman Springs fault in the study area is
generally well-defined and is delinsated by geomorphic features indicating
right-lateral strike-slip displacement, such as right-laterally deflected
drainages, scarps in Holog¢ene alluvium, and associated tonal lineaments
(figure 3a), Branch faults located west of the 01d Woman Springs fault mapped
by Dibblee (1967) and Sadler (1981) were only partly verified, but are

moderately to poorly defined, and are not characterized by dgeomorphic features
indicating Holocene displacement (figures 2b, 3a}.

SILVER REEF FaULT

The Silver Reef fault is a moderately well-defined, northwest-trending
strike~slip fault (figure 3a). The fault mapped by Dibblee (1967) was
generally verified by this writer, based on air photo interpretation. The
fanlt offzeta late Pleistocene alluvial fans and associated tonal lineaments
in young alluvium suggest Holocene displacement (localities 35 and 36, fiqure
da). Both left-laterally and right-laterally deflected drainages were

observed along the fault (figure 3a). The lack of asystemmatically deflacted
drainages probably indicates a very low slip-rate for this fault.

SEISMICITY

Seismicity in the northeastern San Bernardino Mountains study area is
depicted in figure 5, A and B guality epicenter locations by California
Institute of Technology are for the period 1932 to 1985,

The North Frontal fault zone in the study area is zeismically active.
Clusters of epicenters occur south of the range front, consistent with
displacement at depth along a south-dipping thrust fault zone, However, it is
difficult to relate specific seismic events with specific faults due to the

"complexity of the fault zone. A cluster of epicenters occurs near the
intersection of the NFFZ and Helendale fault zone (figure 5), Hamilton and
Hadley (1976) studied focal mechanisme for a group of =ix earthgquakes near the
intersection of the NFFZ and Helendale fault, The relocated events show an
east-northeast trend and the focal mechanisms indicate a south-dipping
structure with left-lateral, thrusting movement.,

The Helendale fault zone southeast of the NFFZ 1s characterizegd by
epicenters in proximity to the fault (figure 5). Although the Helendale fault
in the study area may be active at depth, it is not delineated by a
well-defined zone of seismicity,

The 014 Woman Springs fault is associated with seismicity, but it is not
delineated by a well-defined zone of microseismicity (figqure 5). The Silver
Reef fault apparently is not characterized by seismicity.



CONCLUSIONS

NORTE FRONTAL FAULT ZONE

The NFFZ is a major, east—west-trending fault zone that marks the
boundary between the Transverse Ranges and Mojave Desert geomorphic
provinces. The NFFZ is characterized by a broad, complex zone of discon-
tinuous, south-dipping reverse and thrust faults. Locally, northwest-
trending, high-angle faults occur within the NFFZ, Faults within the NFFZ
generally are well-defined and are delineated by geomorphic features
“indicating Holocene reverse faulting (e.g., localities 12, 14, 26, 27, 29, 30,
figures 3a-3c). However, well-defined scarps are generally found in late
Pleistocene alluvial fans (approximately 20,000 ybp to 130,000 ybp)—--Holocene
alluvial fans are not offset except at localities 14, 26, and 27 (figures 3a
and 3k)}. Both Sadler (1981) and Meisling (1984) have atated that thrust
faulting along the NFFZ did not continue into the Holocene, Evidence of
Holocene displacement is not strong along the NFPZ, Nonetheless, faults in
late Pleistacene alluvium are generally well-defined, the NFFZ is a major
range front fault, geomorphic evidence indicating Holocene displacement was
observed during this study, and the fault zone iz seismically active at depth.

HELENDALE FAULT

The Helendale fault in the study area is a northwest-trending fault zone
delineated by a moderately well-defined bedrock escarpment. Faults mapped by
Dibblee (1964, 1967) were generally verified except in Cushenbury Canyon.
Geomorphic evidence of Holocene right-lateral strike-slip displacement was not
observed by this writer, based on air photo interpretation, Exposures of
fault planes in bedrock indicate that the Helendale fault szoutheast of its
intersection with the NFFZ is probably a west to southwest-dipping,
reverse—oblique slip with a component of right-slip (locality 34, figure 3b).
Geomorphic evidence of Holocene reverse-oblique slip faulting generally was
not observed by this writer along the Helendale fault or the north branch of
the Helendale fault (figures 3a-3b)., Geomorphic evidence of possible minor
Holocene displacement waa observed at locality 33 (figure 3b). It is
conceivable that the Heléndale fault, once a continuous fault prior to the
uplift of the San Bernardine Mountains during late Pliocene and Pleistocene
time alony the NFFZ, has since been isolated south of the NFFZ and only

occasionally 1is reactivated in response to compressicnal stress within the San
Bernardino Mountains.

OLD WOMAN SPRIRGS FAULT

The 014 Woman Springs fault is right-lateral strike-slip fault with
geomorphic evidence of Holocene faulting in the study area (figure 3a).
Manson (FER-177, 1986) evaluated the ©1d Woman Springs fault and recommended
_zoning for special studies. Branch faults west of the Cld Woman Springs
fault, mapped by Dibblee (1967) and Sadler (198l1), generally are not
well—defined and are not delineated by geomorphic evidence of Holocene
faulting (figures 2b, 3a).



SILVER REEF FADLT

The Silver Reef fault is a northwest-trending, presumably right-lateral
strike-slip fault. The fanlt mapped by Dibblee (1967) waa generally verified
by this writer as a moderately well-defined fault delineated by tonal
lineaments in Holocene alluvium which are permissive of Holocene faulting
{localities 35, 36, figure 3a). The Silver Reef fault north of the study area
does not offset Blackhawk landslide deposits,. However, it is probable that
the fault dies out prior to reaching the landslide.

RECOMMENDAT IONS

+

Recommendations for zoning faults for special studies are based on the
criteria of "sufficiently active* and "well-defined" (Hart, 1985),

NORTH FRONTAL FAULT ZONE

zone for special studies well-defined faults shown on figures 6a-6c,

Principal references cited should be Miller (1975-77), Meisling (1984), and
this FER.

HELENDALE FAULT

Do not zone for specjial studies, This fault is neither sufficiently
active nor well-defined in detail,

OLD WOMAN SPFRINGS FAULT

zone for special studies well-defined faults shown on figure 6a.
Principal references cited should be Miller (1975-77), Manson (1986b), and
this FER.

SILVER REEF FAULT

Zone for special studies well-defined faults shown on figure 6a.
Principal references cited should be Dibblee (1967) and this FER.

. o A ST \
i i 0 Rl
s Mw”%f i’ e caetomter

‘ \0\\ October 2, 1986

—-10-



REPERENCES

Bird, P, and Rosenstock, R.W., 1984, Kinematics of present crust and mantle
flow in southern California: Geological Society of America Bulletin,
v, 95, p. 946-957,

Borchardt, G., 1986, Preliminary analysis of offset soils along faulté in the
west-central Mojave Desert, California: cCalifornia Division of Mines and
Geology in-house report, 20 p.

Bortugno, E.J. and Spittler, T.E., 1986, Geologic map of the Sap Bernardino
guadrangle, Division of Mines and Geclogy Regional Geologic Map Series
No. 3, acale 1:250,000 (in press).

Bull, W.B., 1978, Tectonic geomorphology of the Mojave Desert: unpublished
technical report for the U,s, Geological Survey Earthquake Hazard
Reduction Program, contract no. 14-08-001-G-394, 188 p.

California Institute of Technology, 1985 Magnetic tape catalog, southern
California earthguakes for the period 1932 to 1985: Seismological
Laboratory, California Institute of Technology (unpublished),

Clark, M.M., Harms, ¥,K., Lienkaemper, J.J., Harwood, D.S., Lajoie, K.R.,
Matti, J.C., Perkins, J.A., Rymer, M,J., Sarna-Woijeicki, A.M.,
Sharp, R.V., Sima, J.D., Tinsley, J.¢., III, and Ziony, J.I., 1984,
Preliminary slip-rate table and map of late-Quaternary faulte of
California; U.S5, Geolodgical Survey Open-File Report 84-106, 12 p.,
5 plates.

Dibblee, T.W., Jr., 1975, Late Quaternary uplift of the San Bernardine
Mountaing on the San Andreas and related faults in Crowell, J.C. (ed.)
San aAndreas Fault in Southern California: <California Divizion of Mines
and Geology Special Report 118, p. 127-135,

Dibblee, TuW., Jr., 1967, Geologic map of the 0ld Woman Springs quadrangle,
San Bernardino County, California: U.5. Geological Survey Miscellanecous
Geologic Investigations Map I-518, scale 1:62,500.

Dibblee, T.W., Jr., 1964, Geologic map of the Lucerne Valley quadrangle,
San Bernardino County, California: U.§5. Geological Survey Miscellaneous
Geologic Investigations Map I-427, scale 1:62,500.

Gillou, R.B., 1953, Geology of the Johnson Grade area, San Bernardino County,
California: ¢alifornia Division of Mines Special Report 31, 18 p.,
1 plate, scale 1:24,000,

Hamilton, P, and Hadley, D.M., 1976, Focal mechanisms and relocation of
earthquakes in the northern San Bernardino Mountains, southern
California, in Stout, M.L., editor, Geologic guide teo the San Bernardino
Mountaina, Southern California: Asascciation of Engineering Geologists
Annual Spring Field Trip, May 22, 1976, p. 111-114.

Hart, B.W,, 1985, Fault-ruptute hazard zones in California: pivisicon of Mines
and Geology Special Publication 42, 24 p.

w]ll=-



Hollenbaugh, K.M., 1968, Geology of a portion of the north glank of the
San Bernardino Mountains, California: University of Idaho, unpulbished
Ph,b, thesis, 109 p., 1 plate, scale 1:12,000,

Manson, M.W., 1986a, Helendale fault, San Bernardino County, California:
California Division of Mines and Geclogy unpublished Fault Evaluation
Report FER-176,

Manson, M,W., 1%86b, Lenwood, 0ld Woman Springs, and Johnson Valley faults,
San Bernardino County, California: California Division of Mines and
Geology unpublished Fault Evaluation Report FER-177.

Meisling, K.E., 1984, Neotectonics of the North Frontal fault system of the
San Bernardino Mountajins, southern California, Cajon Pasa to Lucerne
Valley: California Institute of Technology, unpublished Ph.D. thesis,
3%4 p., 2 plates, map scale 1:;24,000,

Miller, F.K., 1975-77, Geclogic strip map along the northeast side of the
Ban Bernatdine Mountains, California: U.S. Geological Survey unpublished
map, scale 1:48,000,

Motton, D.M., Miller, F.X., and Smith, C.C., 1980, Photo-reconnaissance maps
showing young-looking fault features in the southern Mojave Desert,

California: U.8. Geological Survey Miscellaneous Field Studies Map
MF-1051, 7 sheets, scale 1:24,000.

Ponti, D.J., 1285, The Quaternary alluvial sequence of the Antelope Valley,
California: in Weide, D.L. (ed.) Soils and Quaternary Geology of the
Southwestern United States: Geological Society of America Special Paper
203, p. 79-96,

‘Richmond, J.F., 1960, Geology of the San Bernardino Mountains north of
Blig Bear Lake, California: California Division of Mines Special Report
65, 68 p., 1 plate, scale 1:31,200,

Rogers, T.H., 1967, San Bernardino sheét: California pDivision of Mines and
Geology Geologic Map of California, scale 1:250,000,

Rzonca, G.F. and Clark, D.W., 1982, Local geology, Kaiser Cement Corporation,
Cushenbury facility, Lucerne Valley, California, in Fife, D.L. and Minch,
L.A., editors, Geology and mineral wealth of the California Transverse

Ranges: South Coast Geological Soclety, Annual Symposium and Guidebook
tumber 10, p, 676-679,

Sadler, P.M,., 1982, Provepnance and structure of late Cenozoic sediments in
the northeast San Bernardino Mountainas, in Guidebook-Geologic excursion

in the Transverse Ranges, southern California: Geoclogical Society of

America, 78th Annual Meeting, Cordilleran Section, April 1%-21, 1982, p.
83-91.

Sadler, P.M., 1981, The structure of the northeaat San Barnardino Mountains:
Notes to accompany 7.5-minute quadrangle maps submitted for compilaticon
onto the San Bernardino 19 x 20 quadrangle: Final report to State of
California, Department of Congervation, Divigion of Mines and Geology,
Contract #5-1104, 26 p., appendix (unpublished data).

-12-



Stout, M.L., 1982, Age and engineering geologic obgervations of the Blackhawk

landslide, southern California in Fife, D.L. and Minch, L.A., editors,

Geology and mineral wealth of the Transverse Ranges; South Coast
Geological Society, Annual Symposium and Guidebook Number 10, p. 630-633.

Stout, M.L., 1977, Radjiocarbon dating of landslides in southern California:

U.5.

U.5.

U5

california CGeology, v. 30, no, 5, p. 99-105.

Bureau of Land Management, 1978, Rerial photographs CABD-77 8-30, 3 to 67
8-31, 2 to 6; 9-36, 20 to 21; 9-37, 18 to 19; 9-38, 18 to 19%; 9-39, 17 to
18, black and white, vertical, scale 1:30,000.

Bureau of Land Management, 1977, Aerial photographs CA%3-77 1-5 to 8; 2-
1 to 7; 3-1 to 47 4-1 to 4; 5-1 to 2, black and white, vertical, =cale
1:30,000.

Department of Agriculture, 1953, Aerial pﬁotographa AXL 41E-98 to 105;
47K-36 to 38, 116 to 122, 169 to 171; 48K-23 to 31, 66 to 72, 112 to 119,
black and white, vertical, scale 1:20,000.

Department of Agriculture, 1952, Aerial photographs AXL 14K-87 to 90, 139
to 141; 16K-34 to 37; 17K-35 to 42; 20K-17% to 181; 2)K-27 to 30; 22K-103
to 106, black and white, vertical, scale 1:20,000.

Geological Sufvey, 1975, Aerial photographs 1-1 to 15; 2-1 to 13; 3-1 to
19;: 4~1 to 6, color, vertical, scale 1:13,000.

Geological Survey, 1945, Rerial photographs 4-40 to 43, black and white,
vertical, =scale 1:24,000.

Vaughn, F.E., 1922, Geology of San Bernardine Mountainsz north of San Gorgonio

Pass: University of California Publications, Bulletin of the Department
of Geological Sciences, v. 13, no. %, p. 319-411, 1 map, scale 1:125,000,

Woodford, A.O. and Harriss, T.F., 1928, Geology of Blackhawk Canyon,

San Bernardino Mountaing, California: University of California
Publications, Bulletin of the Department of Geological Sciences, v. 17,
Pl 265_3040

. =13-



APPENDIX to FER-182

The following soil descriptions are taken from "Preliminary analysis of
offset soils along faults in the west-central Mojave Desert, California®™ by
Glenn Borchardt, June 1986, The locations of =pecific soil description sites
are shown on figures 3a, 3k, and 3¢ of FER-182,

INTRODUCTION

‘ - This report contains descriptions and preliminary age estimates of offset
soils along fault zones in the west-central Mojave Desert. Except for the
Blackhawk landslide dated at 17,400 B.P. (Stout, 1977), there are no absolute
dates on alluvial materials or s0ils in the area. The youngest major alluvial
event in southern California occurred about 10,000 yeara agoe (Borchardt and
Hill, 1985) as a result of the change from a wet, cool climate to a dry, hot
climate at the end of the Pleistocene {Bull, 1978). The great extent of this
aliuvial event is well documented in the eXposures in a 275-km trench across
the Mojave from Victorville to the Colorado River (Sharp, 1984) and generally
makez the distinction between Holocene and Pleistocene zoila relatively easy.

Unfortunately, the only soil survey in the area covers the Mojave river
area near Barstow to the north {Storrie and Trussell, 1937). Probably the
most applicable relative soil ages are those mentioned by Bull (1978) and
those obtained for Antelope Valley in a similar climate to the north (Ponti,
1985). Less applicable are those from the San Gabriel Mountains in a wetter
regime to the south {Tinsley, Matti, and McFadden, 1982).

The difficulty of soil age dating in the west-central Mojave is
compounded by the fact that the calcareous alluvium in the area appears Lo
weather in ways entirely different from the dominant granitic alluvium. Bt
horizons, for ezample, appatently do not begin to form in calcareous materials
until the criginal carbonate has béen entirely leached from the surface. With
current mean annual rainfall in the area being on the order of 9-20 cm, this
leaves the maximum depth of leaching in Holocene soils at equivalent depths of
9-20 em, Even with three times this amount of rainfall during the Pleistocene
(McFadden, 1982), Bt horizons apparently do not form in the calcareous
materials of the region for at least 100,000 years,

The text includes a discussion of each of the 2¢0ils in the order in which
they were described and sampled.

CLIMATE

Baratow has a mean annual temperature of 189¢ (64%) and mean annual
precipitation of 9.2 em (3.62 in.) at an elevation of 632 m (2,105 feet)
(storrie and Trussell, 1937). The field area is to the south and ranges up to
~an elevation of 1800 m (6,000 feet) where the precipitation is considerably
gregter,
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pH-1

Big Horn Road

Eatimated Age:; 130,000 &,P,
Range: 80,000-130,000 B.P.

This relict szoil is on a fan remnant in & ravine up Big Horn Road zouth
of Highway 247 between ¥ucca Valley and Lucerne Valley. The A horizon ig 27
c¢m thick and may actually consist of a veneer of younger materials. The Bt
horizon extends from 27 to 108 cm, 'The bottom of the Bt has a distinctive
beta-B horizon l-cm thick (Photo 06l1086-36) in which the clay films are
eapecially thick and the demarcation with the underlying parent material
existe within a mm or two.

BH-2

Big Horn Road

Eztimated Age: 130,000 B,P.
Range: Bﬁ,UOU-lBU,DGB B.P.

A shallow { < 1% cm) excavation along the entire scarp face upcovered the
top of a Bt horizon similar to the one at BH-1. This indicates that the scarp
probably has had less than 80 ¢m of movement in the last 130,000 years, A
trench across the scarp would test this hypotheszis.

BH-3

Big Horn Road

Estimated Age: 130,000 B.P.
Range: 80,000-130,000 B.F.

This site eXists where a major drainage has exposed a cross zection
perpendicularly across a 5-m-high scarp along the Frontal Fault Zone of the
San Berpardino Mountains. The headwall containe a soil similar to the one at
PH-1. The scarp face has a slope of 26 degrees and appears to be underlain by
a series of 3-5 paleosolsz on the footwall, Each paleosol seems to repreasent
s0il Formation that is a fraction of that at BH-1l. Carbonate deposition
exists at the base of the lower paleoszol and in the relict soil on the
headwall (Photos 06l086-05 through 08). Sample 86B036 was a piece of wood
from a log found on a treeleas alluvial fan to the west. The exterior of the
loy has the swirled appearance characteristic of bristle cone pine, The
neareat trees are on the slopes at least a mile to the south.
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Ri-1

Rock House

Estimated Age: 130,000 B,.P,.
Range: 80,000-130,000 B,P.

This site ig cut in a drainage about 2.5 km west of Rattlesnake Spring
near an abandoned homestead built mostly with rocks. It lies about 200 m
downslope from a 20-m-high scarp to the south. The A horizon ia 12 om thick
and is overlain by a moderately well developed desert pavement. The Bt
horizon iz 5% om thick, being developed in granodiorite that is completely
saptolitic and contains ¢lay films throughout. The Cr horizon is gray
saprolite lacking ¢lay films. The K horizons in the cobble below extend to at
least 6 m, This is not particularly unusual, begause coarse materials
typically hold little moisture and thus allow carbonate to precipltate at
great depths (McFadden and Tinsley, 1985). Elsewhere in the cutbank, evidence
exists for at least two other K horizons at 3- and 4-meter depths.

cp -1

Clay Pit at Kaiser Cement
Estimated 2ge: 20,000 B.P.
Range: 15,000-30,000 B.P.

peveloped in dolomitic and caleitic limestone alluvium, the soils above
and below the scarps at this locality exhibit features similar to those at the
Blackhawk Slide (BS-1). A ravine acroas one scarp revealed a K horizon
gimilar to the one at Blackhawk, No B Horizons or their remnants ware vigible
in the area although the E horizons had stage III development in cobble for
depths over 1 m. The cobbly, sandy loam soils were 10YR5/38, 3/4 m and had
carbonate undercoats 2-5 mm thick within the upper 20 cm. Desert pavement was
moderately well developed and the upper surface of limestone cobbles were
etched, while the lower surfaces were not,.

Cchk-2

Clay Pit at Kaiser Cement
Estimated Age; 230,000 B,P.
Range: 130,000-330,000 B.P.

This =0il has a Bt horizon up to 100-cm thick. Although the colors were
only 7.5YR4/4d, we estimate that such Bt horizon development must take

considerably longer on calcareous alluvium than on granitic alluvium in which
similar colors are found in 130,000 B,P. soils., The K horizon iz stage III in

cobble and extends for the full depth of the roadcut—-over 5 m. As explained
below, this may be a result of multiple K horizons.
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KRC-1

Kaiser Rallroad Cut
Estimated Age: 9,000 B.FP.
Range: &,000-13,000 B.P.

At first appearance, this 6-m section gives the impression that Holocene
goil development in cobbly limestone alluvium is capable of producing
extraordinarily thick K horizons in spite of the meager precipitation in the
area, BActually, only the surface veneer is Holocene--the rest of the section
has at least two relatively indistinct paleosols. The modern soil haa only a
thin ¢ 1 mm carbonate coating beneath the cobbles in the 20-60 cm interval
that comprises the KI horizon., No coatings exist in the € horizon. The
paleosols beneath the surface soil are difficult to cbserve because soil
development in this material consists mostly of the dissclution of limestone
and its reprecipitation at lower depths. Each paleosol tends to contribute
caliche to the ones below it. The first paleosol exists at about the 100-cm
depth and another, which we sampled, exists at the 300-¢m depth. Its IIIAb
horizon is 15 cm thick and its IIIKIb is 35 cm thick. The ITIKIb horizon ha=z
clasts whose undersides are coated with > 3 mm of carbonate, indicating that
it has undergone at least 3 times the development found in the surface soil.

OHE-1
One Hole Spring
Estimated Age: 9,000 B,P.

Range: B,UUD‘].3,UDU BQP-

The soil was excavated into the hanging wall of a moderate scatp in
graniti¢ allovium about 2 km northeast of One Hole Spring on the Rattlesnake
Canyon guad, The K horizon was uncovered at about the 15-cm depth where
‘cobble had undercoata < 0.5 thick.

QHS8-2

One Hole Spring

Eatimated Age: 2,000 B.P.
Range: 500-5,000 B.P.

The soil was excavated into the hanging wall of a small scarp in granitic
alluvium to the west of OHS-1. No K horizon was found in an excavation to

over 30 c¢m. Baring its production as an erosion scarp, this is evidence that
this portion of the Frontal Fault is active.
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OHS-3

One Hole Spring

Eatimated Age: ZD;UUU B,.P,
Range: 15,000-40,000 B.P.

The s0il was excavated into the hanging wall of a small scarp in granitic
alluvium to the east of OHS-1, The K horizon was found at the 20-cm depth.
The undercoats were > 0.5 mm thick and effervesced violently with dilute HCl.

GP-1
Gas Pipe
Estimated Age: 40,000 B.P.

Range: 20,000-80,000 B.F.

The soil was excavated into the hanging wall of a small scarp in a stream
terrace. Although the soil consisted almost entirely of large boulders, it
was penetrable to a depth of 35 cm where a saprolitic Bt horizon was
encountered. The A horizon was sandy loam {10YR5/34, 4/3m) and the Bt was

coarse, sandy clay loam (lO0YR5/44, 4/4m) which had subangular blocky structure
with thin, patchy clay films on sand grains.

GF-2

Gas Pipe

Estimated Acge: 2,000 B.P.
Range: 500-11,000 B.P.

Thiz soil was excavated into a small unfaulted stream terrace in
granitics about 5 m north of GP-1l. The upper 13 cm consists of a coarse,
sandy A horizon with 10YR6/3d color. A medium sandy IIA horizon exists from
13 to 25 cm and has a 10YR5/4d color. The IIC horizon (10YR5/44) extends to

62 cm where unweathered granitics were encountered., The following pH data
were obtained:

Depth, om rH

0 6,53
10 6.52
20 . 6.50
30 6.34
40 6.10
50 6.26
60 5.74
70 6.15

The A horizon has pH's above 6.5 and the C horizon has pH's below 6.5, which
probably indicates the recycling of plant material or the accumulation of
traces of windblown carbonate. A reddish root from 60 ¢m had a pH of 5.16.
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Roots may be responsible for the low pH's at depth. In any case, there was no
indication of caliche precipitation at this asite. L

GP-3

Gas Pipe

Eztimated Age: 2,000‘B.P.
Range: 500-11,000 B.P.

This soil was excavated into a small inget stream terrace below the
projection of the fault in the drainage immediately nertheast of GP-2. The

upper 75 ¢m conaists of a dark cumulic coarse, loamy sand A horizon (10Y¥R5/44d,
3/4m) .

GP-4

Gas Pipe

Estimated Age: 4,ﬁUD B.FP,
Range: 2,000-1%1,000 B,P.

This soil was excavated next to large Juniper in a small inset atream
terrace about 100 m south of GP-3. The upper 25 ¢m is a sandy A horizon and
the material beneath is a € horizen. This soil appears to be older than GP,3.
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Photo 1 (to FER-182). View west along a segment of the North
Frontal fault zone near locality 27 (figure 3b). The stage III
K horizon (>l meter thick) developed on the alluvial fan
(»20,000ybp, Borchardt, 1986) is truncated at least 2 meters

by down-to-the-north reverse faulting. Although fault plane is
not exposed, the fault is assumed to be located at the base

of the north-facing scarp near Joshua Tree in center foreground.

Photo 2 (to FER-182). View northeast of roadcut exposure of
thrust fault in alluvial fan at locality 28 (figure 3c). Fault
(N6O°E 40°SE) offsets B soil horizon developed on alluvial fan
deposits. Minor drag folding in upper plate indicates reverse
sense of displacement. A well-developed fault plane was not
observed.



